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FOREWORD

This report was prepared under Project WorkOrder Number 177091-01,
and covers the period October 29, 1965 through January 29, 1966. The research,
development and testing activities discussed herein are sponsored by Lewis
Research Center, National Aeronautics and Space Administration, Cleveland,

Ohio, under Contract NAS 3-7639,

SM-48461-Q2 i1
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1.0 INTRODUCTION AND SUMMARY

During the reporting period, work has continued related to the objec-
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emperature Silver-Zinc Battery'. As in the first quarter of this

program, work during the second quarter has emphasize
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rk has also continued on Task I which is devoted to cell and component design.

Task I of this program, related to cell design, is nearly completed.
The five ampere-hour (5 AH) cell design that has been selected is based on the
experimental work carried out on components in Task Il and consists of a
grooved frame subassembly of separators and electrodes. It is then assembled
in a cell case along with the cover and terminals., The cell case, cover and
frames are made from polyphenylene oxide (PPO). Detail and assembly
drawings of this design are shown in Figures 1 through 5. Molded PPO cases
have been ordered and should be received by about March 1, 1966.

Task II, concerned with component fabrication and evaluation, is also
on schedule. The best components produced thus far are described and appli-
cable test results are presented. Except for the zinc electrodes, where
additional work must be done to satisfactorily meet all program requirements,

the cell components are being finalized for use in Task III multiplate cells. A

R - S A T P 1. 1- ~
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)

numbey of test cells have completled 14 & Wor c-
ment, at ZSOC and lOOOC at 20 ma/cmz. Tests at higher rates are under way to
determine practical discharge and charging limits. Two multiplate cells have
been given a preliminary cycle test at 25°C. These cells completed 1165 and
427 cycles, respectively, whentheywere disassembled for component analysis
but do not, however, represent the best assembly of components. The results
of this component analysis are being used for further guidance of Task II com-

ponent development efforts.

Physical property and KOH compatibility tests have been completed on
Celcon and PPO case materials. Based upon these tests, PPO has been

selected as the case material for use in Task IIl of this program.

In general, the results obtained during the firsttwo quarters of this pro-

gram are favorable and the entire program is on schedule.

SM-48461-0Q2 1
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2.0 TECHNICAL DISCUSSION

2.1 TASK I - Design of Multiplate 5 AH Cell

2.1.1 Grooved Cell Case

The first design concept of a 5 AH multiplate cell con-
sisted of a grooved-wall cell case. In this design the separators were
cemented into grooves machined in the side walls of the cases; the electrodes
were then inserted and the leads were run through hollow terminals mounted in

the cell cover and soldered in place.

A model built in accordance with this design was sub-
mitted to environmental testing and satisfactorily proved the test specifications
called for in the work statement. These tests, which included vibration, shock

and acceleration, are reported in detail in SM-48461-Ql, (1)

2.1.2 Grooved Frame Cell Design

The cell assembly described above was somewhat cum-
bersome to assemble and could be unreliable on an assembly line basis. A
design modification was introduced after approval by the NASA ProjectManager.
In this design a grooved frame holding separators and electrodes is assembled
first. After attaching the electrode tabs to the base of the terminals (previously
assembled in the cover), the entire assembly consisting of frame, electrode
pack, and attached cover is inserted into a smooth wall cell case. The cover
is then assembled to the cell case which is provided with a recess to locate the

cover and to provide a sealing area,

To keep the cell size as close as possible to conventional
5 AH cells, the dimensions of all components were held to a minimum. The

dimensions of the cell components are shown in Figures 1 through 5.
The assembly of the cell was made as follows:

(a) Cell Case: The case walls and the bottom are sealed to-
gether on a mandrel. The case material used is PPO.
Chloroform or a 10 to 20% PPO solution in chloroform was
used as the cement. The case assembly is dried at room
temperature under light pressure. After air drying, the
assembly is baked in an oven at 60 - 70°C to eliminate sol-
vent traces.

SM-48461-Q2 8
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(b)

(c)

(d)

(e)

(f)

The assembled case is then tested for gas leakage at five
psi pressure and for KOH leakage by filling the case with
45% KOH and letting it stand for 24 hours at room tempera-
ture and for 24 hours at 100°C., The case assembly is
accepted for use if it passes these tests without evidence of
leakage.

Frame: The frame consists of three parts — two sides and
one bottom. The three parts have aligned grooves. The
separators are assembled by cementing them into the frame
grooves.

The spacings between separators are then checked using
feeler gages to insure ease of electrode insertion.

Cover: The terminals are assembled to the cover using
Shell Resin 901/B-3 which has proven to be leak proof at

temperatures ranging from -30°C to 150°C.

Plates: The electrode plates are fabricated with the con-

nector tabs cut to length and punched at the proper location

for attachment to the terminal base.

Positive plates are prepared from Handy and Harmon
Silpowder 130. Negative plates are prepared from a mixture
of 98% ZnO and 2% HgO and are wrapped in KT paper approxi-
mately 20 mils thick.

Assembly: The plates are then slipped into their respective

cavities. The positive plates are wrapped in a "U' of

absorbent material that serves as an electrolyte retainer.

The punched connector tabs are attached to the cell ter-
minals. Finally, the entire assembly is inserted in the case
and the cover is sealed in place,.

Valve: Presently a valve is used as a means of sealing the

cell temporarily until more data are obtained on gassing

characteristics and the magnitude of pressure build up
which will be encountered during operation at 25° and 100°C.

2.1.3 Molded Cases

To expedite the work on this contract, a survey of

existing molds available from several battery manufacturers was made. A

case has been selected that very closely approximates the dimensions of the

fabricated cases described above. One hundred of these cell cases molded

from PPO have been ordered. Delivery is expected about 1 March 1966,

SM-48461-Q2




2.2 TASKII - Fabrication, Testing and Evaluation of Cell Components

2.2.1 Electrodes

Electrode specifications have been established covering

The current collector used for both positive and negative
electrode plates is silver expanded metal, 3 AG 10 - 3/0 to whicha 1/4" x
. 006" silver strip is attached by spotwelding.
The electrode weight is controlled to iZ.S%.
During the first quarter, the electrode formulations were:
Positive: 50% Ag powder, 50% monovalent Ag oxide
Negative: 98% zinc oxide, 2% HgO

KT paper pressed on both sides of the electrodes was
changed. Based on test results obtained during the first quarter, the positive
formulations were changed to Handy-Harmon Silpowder 130 sintered at 650°C
for three minutes after electrode pressing. The negative electrode formula-

tion has not been changed.

2.2.1.1 Case Configuration

Two unit cell case configurations have been
used in this program for the evaluation of electrodes and inorganic separators.
The first design consisted of a two-compartment cell containing one inorganic
separator, one positive and one negative electrode. Figure 6 shows this

design. This test cell design is designated as "ESC-0000".

The new test cell for electrode and separator
testing is shown in Figure 7. This cell consists of a grooved three-sided
frame that can hold either one or two inorganic separators so that cells can be
tested having either one positive electrode and one negative electrode or one
positive and two negative electrodes. This approach is used in guiding the

electrochemical development of the electrodes towardthe multiplate configuration.

SM-48461-Q2 10
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Figure 7.

SM-48461-Q2

/%0

Single Electrode Test Case With 2-Separator
Grooved Frame (ESC-B Type)
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-

Cell cases are being fabricated in Lucite and polystyrene for tests at 25°C and

PPO for tests at 100°C.

1

2.2.1.2 Testing
The principal test for determining electrode
characteristics is ability to cycle. In accordance with the work statement,
cycle testing is performed on each electrode configuration and formulation at
room temperature and at 100°C on a 30-minute discharge, 60-minute charge
test schedule using 140 cycles as the cut-off criterion. Electrode effectiveness
is first determined by cycling at a discharge current density of 20 ma/cmz and

then raised until the maximum operating discharge current density is estab-
lished.

The cycle test data cn the single tests cells
presented in the first quarterly progress report(‘” indicated that the 140-cycle
cutoff requirement specified in the work statement was readily obtained on cells
at both 100°C and 25°C at a discharge current density of 20 ma/crn2 and a
charge current density of 11 ma/cmz. When the discharge current density was
increased to 27 ma/cmz, no test cells reached the 140 cycle cutoff due to the
higher charge rate required. It was, therefore, decided to establish two experi-
mental cycle test regimes, one at a discharge current density of 20 ma/cmZ
with a charge current density of 11 ma/cmz, and the other at 40 ma/cn’x2 dis-
charge current density and a 22 rnat/(::rn2 charge current density to permit
evaluation of electrodes in order to determine the maximum current density

for practical cell operation at 25°C and 100°C.

Table I summarizes the cycle test results for
a number of two-plate test cells cycled at 100°C and 25°C at discharge current
densities of 20 rna/cm2 and 40 ma/cmz, At room temperature four cells com-
pleted the required 140 cycles on a 30-minute discharge and 60-minute charge
cycle test schedule at 20 rna./(:rn2 discharge current density and an 11 ma/cn‘x'2
charge current density. These were Test Cell Nos, ESC-0112, ESC-0113,
ESC-0121, and ESC-0127. During assembly of Test Cell No. ESC-0114
the separator was apparently broken, as was evidenced when the cell was
disassembled following the completion of 23 cycles. Test Cell Nos. ESC-0128
and ESC-0137 also completed 140 cycles on the same cycle test schedule at

SM-48461-Q2 13




14

9POI}OR[H dUIZ 2L / \ 6110-DSE
1 @30N ov1 8110-0SH
uMoWU) 9INJIe g JO 9Snen [ LT10-DSH
9POI}de(H duUlZ 9% 22 57 0,82 9T10-DOSH
\% 0¥l N\ N\ N L210-D84
T ?joN 0%1 1210-DS¥
A1quiassy Buranp

uayoxg xojexedoag €2 P110-054
\M/ 0%l €T10-D84
1 @io0N 0v1 A 0¢ D042 ZT10-D8H
N 99 N N I¥10-DSH
00T 8¢€10-DSH
96 9¢10-DSd
001 $€10-0SH
09 €e10-D5d
el 2¢10-08d
€6 [€10-DSH
9PO.I3DdIY dOuly 88 22 ov D001 0¢10-DSsH
1 230N 0%1 7 N\ N LET0-DSH
apouajoay oury 101 S€10-DSd
1 @j0N 0%1 8210-DSH
/ 0¢1 9210-D84
8L ¥210-D8H
12 €210-D8d
9pOoI3day doury Pi1 11 0¢ D001 2210-DSH

S JIBUIDY pajerdiuo ) A[[nyss30ong (o / eun) (,wuo [ ew) ‘dwiay 3saf, ‘ON 119D

so10hn Nmm.ﬂmso a8aeyosi(] 91240 1897,
Jo aaquunp Lyrsua( juaaann

°81BYD 9INUIN-(09 Pue 2B1BYISIQ SINUTN-Q¢ (owWwiFoY 3soy, o19AD W ILON

AAILVOEN INO ANV FTAILISOd JANOQO - NOLLVYADIANOD TT1HdD LSHIL dqO¥LDATH
SLINSHY LSHL ATDAD

SM-48461-Q2

I 31dV.L

.




15

‘8u11o4o panurjuos jo arqededs st [[20 aYy)y ‘Tonamoy
39¥13u00 3y jo judwarinbex Sulrodd ayy pajajdwos A[[ngsseoons (80 ] 230N

9poxj}dafy oduly 6L €910-D0S™
I @30N 0%I v10-DSH
1 9j0N 0%1 0P10-D83
SpPOI3d3Ty dulz Sy (4 0¥ Do4? 0210-D83
syIrWaYy pajerdwon A{nyssaoong (pwd je ) (> feuw) ‘dwag, 3sa7, *ON 119D
sajohn . agxeyn wm.ﬁm:umﬂﬂ 91240 1897,
1o JToquunp Ly1sua( jusrann

HJAILVODEN HENO NV JAILISOd _ENO - NOLLVINDIANOD TTHAD ISAL dA0dLOATH
SLTNSHY ILSHL ATDAD

SM-48461-Q2

(penurjuod) I 19V L

.



100°C. Three additional test cells (ESC-0122, ESC-0126 and ESC-0135) had
completed more than 100 cycles at 100°C and 20 rna./cm2 discharge current

density when they lost capacity due to the depletion of active material in the

zinc electrode.

Several test cells (ESC-0118, ESC-0140 and
ESC-0142) cycled at 25°C at a discharge current density of 40 ma/crn2 and a
charge current density of 22 ma/cmz on a 30-minute discharge and a 60-
minute charge test schedule completed the required 140 cycles. Test Cell No,
ESC-0132 completed 134 cycles and Test C

successfully completed 100 cycles at 100°C and 40 ma/cm discharge current
density.

A number of two-plate test cells cycled at
100°C and 25°C at discharge current densities of 40 rna/crn2 and at 20 ma/cmz
did not complete 140 cycles. Test Cell No. ESC-0132 completed 134cycles and
Test Cell Nos, ESC-0134 and ESC-0138 completed 100 cycles at 100°C and

40 ma./cm2 discharge current density.

These cells were tested in half-case assem-
blies in which electrode cavities were deeper than the thickness of the positive
and negative plates. Because of the excessive space available around the zinc
electrode, slumping and expansion of the electrode resulted during cycling.
This expansion exerted pressure on the separator causing it to bow because of
the space available behind it in the positive compartment. The problem
appears to be overcome in the new three-electrode test cases where the posi-
tive electrode is held firmly between the two separators with one zinc elec-
trode on either side. Because all components fit together in a tight pack,

lateral movement is precluded and zinc electrode changes should be minimized.

Recent experimental results show that the
cycle performance of the new three-plate cell design is considerably better
than that of the former two-plate cell design previously described in the
monthly progress report for September 1965, (2) The cell identification num-
ber for the three-plate test cell is "B", i.e., ESC-B-000.

Table II is a summary of the three-plate test
cells being cycled at 100°C and 25°C on a 1/2-hour discharge and a 1-hour

SM-48461-Q2 16
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charge schedule at discharge current densities of 20 ma/cmz and 40 ma/cmz.
Ten of these test cells have completed the required 140 cycles at 25°C and

20 ma/cmz discharge current density. Several of these new test cells were
permitted to continue cycling and have run for more than 400 cycles this far
and continue under test. Test Cell Nos. ESC-B-147, ESC-B-149, and ESC-B-
152 have cycled at 25°C and at a discharge current density of 20 ma/cmz
(equivalent to 35% depth of discharge based on rated capacity) and continue
under test, Test Cell No. ESC-B-139 has completed 700 cycles to the present
time under the same test conditions, These cells were assembled in molded
C-11 polystyrene cell cases purchased from a battery manufacturer. A Lucite
shim was used in these cell assemblies to provide electrode cavities of the
same dimensions as used in the Lucite and PPO cell cases fabricated in the

machine shop. Test Cell No. ESC-B-139 is assembled in a Luucite cell case.

Test Cell Nos., ESC-B-157, ESC-B-158,
ESC-B-159, and ESC-B-160 have completed the required 140 cycles at 100°C
and 20 rna/crn2 discharge current density indicating that the three-plate test
cell design can successfully meet the 140 cycle requirement at both 100°C and
25°C at a discharge current density of 20 ma/cmz and a charge current density

of 12 ma/cmz.

Based upon the successful attainment of 140
cycles at both 100°C and 25°C at 20 ma/cmz discharge current density and
12 ma/cmz charge current density, another group of test cells was placed on
cycle test at 25° and 100°C at 30 ma/cm? discharge current density and a 20
rna/crn2 charge current density. These cycle tests are continuing and typical
performance data are shown in Table II. Concurrent cycle testing is also in

progress at 40 rna/cxn2 discharge current density,

Several of the new test cells are being dis-
charged through a fixed resistance. This method provides a more realistic
procedure under flight conditions than constant current operation. The fixed
resistance discharge method will be used during the remainder of the program

when single test cells are cycled.

Table III shows electrode construction and

formulation for all test cells of the new configuration (one positive and two

SM-48461-Q2 19
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TABLE 111
ELECTRODE TEST CELL CONSTRUCTION - ONE POSITIVE AND TWO NEGATIVES

Positive
Formulation Negative Formulation
KT Paper
Test Case 100% 50-50 ZnO HgO U- 10%
Cell Number Material Ag Ag/Ag,0 %o % Wrap Fibres Other Comments
ESC-B-144 Lucite x 98 2 X Collector
ESC-B-145 A x 98 2 Pellon (All Cells):
ESC-B-146 x 98 2 x U- Ag EXMET
ESC-B-147 X 98 2 X Wrap 3Ag-10-3/0
ESC-B-148 x 98 2 x
ESC-B-149 x 98 2 x Lead (All
Cells):
ESC-B-150 x 98 2 x Ag tab 1/4"
ESC-B-151 x 98 2 x x . 006"
ESC-B-152 x 98 2 x Tab spot
ESC-B-153 Vi X 98 2 X welded to
ESC-B-154 Lucite x 98 2 X grid for all
ESC-B-155 PPO X 98 2 X electrodes
ESC-B-156 A x 98 2 x
ESC-B-157 X 98 2 x
ESC-B-158 X 98 2 x
ESC-B-159 x 98 2 X
ESC-B-160 x 98 2 X
ESC-B-161 x 98 2 p.d
ESC-B-162 X 98 2 X
ESC-B-163 x 98 2 X
ESC-B-164 x 98 2 x
ESC-B-165 x 98 2 Asbes-
ESC-B-166 X 98 2 X tos U-
ESC-B-167 X 98 2 X Wrap
ESC-B-168 X 98 2 x
ESC-B-159 X 98 2 =
ESC-B-170 \ x 98 2z x
ESC-B-171 PPO x 98 2 X
ESC-B-172 Lucite x 98 2 x
ESC-B-173 X 98 2 x
ESC-B-174 Lucite X 98 2 X
ESC-B-175 PPO b4 98 2 X
ESC-B-176 , x 98 2 x
ESC-B-177 PPO x 98 2 x
ESC-B-178 Lucite x 98 2 x
ESC-B-179 Lucite x 98 2 X
ESC-B-180 PPO x 98 2 X
ESC-B-181 N x 98 2 x
ESC-B-182 x 98 2 x
ESC-B-183 x 98 2 x
ESC-B-184 x 98 2 x
ESC-B-185 X 98 2 X
ESC-B-186 Vv x 98 2 x
ESC-B-187 PPO X 98 2 x
SM-48461-Q2 20




negative electrodes and two inorganic separators). The positive electrode
formulation was identical for all cells but several different methods were used
in applying the network support material in the negative electrode. The elec-

trode current collectors and tabs were of the same design in all cells.

Preliminary cycle testing of multiplate cells
for component evaluation continued throughout tt 1 eriod. Multiplate
cell No. MC-2 completed 1, 165 cycles at 25°C on a 1/2-hour discharge and
1/2-hour charge cycle test schedule. Prior to placing on cycle, this cell was
formed by charging to 2.1 volts and discharging at constant current (1.0 ampere)
to 1.0 volt cut-off. At this rate the cell had an initial capacity of 13.0 ampere
hours. Following a full recharge, the cell was cycled under the following

regimes to obtain charge and discharge rate data:

Discharge Charge Discharge Charge Total Cycles
4.0 Amps. 2.8 Amps. 1/2 hr. 1 hr. 17 cycles
2.8 Amps. 1.6 Amps. 1/2 hr. 1 hr. 10 cycles
1.0 Amps. 1.6 Amps. 1/2 hr, 1/2 hr. 652 cycles
1.1 Amps. 2.0 Amps. 1/2 hr, 1/2 hr. 513 cycles

Figure 8 shows the 28th and 338th cycles for
this multiplate cell. At cycle 338 there was a degradation of the monovalent
silver oxide plateau voltage probably caused by geometric changes in the zinc
electrode, resulting in reduced area of the zinc electrode which increased cur-

rent density.

Multiplate Cell No. MC-3 was placed on a 30

minute discha 60 -min

oa 1te char
it 1large, 1ute char

and 2.0 amperes respectively. This cell completed 427 cycles when it was dis-

assembled for analysis,

2.2.2 Inorganic Separator

Inorganic separators have been fabricated during this
reporting period as required for component evaluation and cell testing. Process
and quality control tests indicate a consistent high level of uniformity and

quality.
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Charge.
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2.2.3 Cases

The statement of work requires that a physical property
evaluation of cell structural materials be performed in order to select materials
having satisfactory strength and rigidity. The following two materials were

tested and evaluated.

Material Manufacturer
Polyphenylene Oxide (PPO) General Electric Company
Acetal Copolymer {(Celcon) Celanese Plastics Company

The material tests performed included:
(2) modulus of rupture
(b) tensile strength
(c) modulus of elasticity
(d) dimensional compatibility
(e) thermal degradation

One thousand hour KOH-high temperature compatibility
tests on PPO and Celcon case materials were completed during the reporting
period. These tests involved the complete submergence of test samples of
PPO and Celcon (shown in Figure 9) in 35% KOH which were sealed in stainless
steel pressure vessels. The sealed pressure vessels were heated to 100°C
iZOC for 1000 hours. Figure 10 shows one of the stainless steel pressure
vessels used in these tests. At each 100-hour interval, the test samples were
removed from the container, washed, dried, and inspected for evidence of
degradation, and then returned to the pressure vessel for continuation of the
test. The 100-hour inspections showed no visible degradation of either PPO or
Celcon after a total of 1000 hours of exposure. Test samples were photo-
graphed prior to the start of the tests (Figure 9) and again after completion of
the tests (Figure 11)., The only visible change which occurred as a result of
the test was a change in color of the Celcon test specimens from white to beige
where the test specimen protruded from the KOH solution. This discoloration
can be noted in Figure 11 at the right ends of the two top Celcon test specimens.

The PPO test specimens were unchanged in color as a result of the test,

SM-48461-Q2 23
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Figure 9.
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Figure 10. Stainless Steel Pressure Vessel
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Figure 11. Test Samples of Celcon and P PO Following
the 1000-hour KOH Compatibility Test
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Test results on the PPO and Celcon test specimens after

1000 hours exposure to KOH at 100°C are shown below:

1. Tensile strength and modulus of elasticity after exposure; tested
and computed in accordance with ASTM D-638-64T.
Ultimate
Sample Tensile Average Modulus of Average
No. Material (psi) (psi) Elasticity (psi)
1 Celcon 9, 540 3.36 x 10°
2 Celcon 9, 370 8.28 x 105
3 Celcon 9,510 9430 5.17x 10°  5.17x 10°
4 Celcon 9, 480 4.18 x 105
5 Celcon 9, 310 5.22 x 105
6 Celcon 9, 360 4.82 x 105
7 PPRO 10, 600 5.05 x 105
8 PPO 10, 600 6.01 x 105
9 PPO 10, 600 10600 5.43 x 105 5.64 x 105
10 PPO 10, 700 6.08 x 10°
11 PPO 10, 700 6.02 x 105
12 PPO 10, 600 5.26 x 105
2. Modulus of rupture after exposure; tested and computed per ASTM
D-790-63.
Modulus of
Rupture Average
Sample No. Material (psi) (psi)
1 Celcon 11,240
2 Celcon 10, 900 11,000
3 Celcon 10,900
4 PPO 14,690
5 PPO 15,210 15,000
6 PPO 15,100
3. Dimensional stability and weight change after exposure. For this

test the thickness and width were measured with a dial thickness
gauge, to the nearest 0.001l inch, at several points along each
sample before exposure. Following exposure, measurementswere
taken at identical points and compared with the initial values. In
a like manner the length of each sample was measured between

SM-48461-Q2 27




two specific points before and after exposure. For the weight
change the samples were weighed on an analytical balance to four
decimal places before and after exposure.

Material Celcon PPO
Average thickness change 0 0
Average width change -0.16% -0.05%
Average length change -0.24% 0
Average weight change -0.15% -0.01%
4. Appearance after exposure: The samples after exposure were

compared with unexposed samples for color., The Celcon had
changed in color from a milk white to a light blue-gray in the
area of total immersion in the solution. In the area where the
tensile tabs were out of the solution in the vapor phase the color
had changed to a dark beige. The color of both areas was the
same in the interior of the sample as on the surface. After
testing, the tensile bars turned blue in the areas of strain, The
gloss of the Celcon resin was unchanged by exposure. The PPO
was essentially unchanged in color and gloss after exposure.

5. Summary of test results:
Initial Final
Astropower  Astropower
Manufacturer's Laboratory Laboratory
Material Test Data (Results) (Results)
Celcon Ultimate Tensile 8, 800 psi 8,470 psi 9,430 psi
Celcon Modulus of Elasticity Novalue given 3.69x 10° psi 5.17x 10° psi
Celcon Modulus of Rupture 13,000 psi 12, 000 psi 11, 000 psi
PPO Ultimate Tensile 9,000 -10,000psi 9,460psi 10, 600 psi
PPO Meodulus of Elasticity 3.5-3.8x10 " psi 3.4x 107 psi  3.4x 105psi

PPO Modulus of Rupture 14,000 - 15,000 psi 13,600 psi 15, 000 psi

“The modulus of rupture is a measurement of the load per unit area, placed in
the center of a beam of test material, required to develop five (5) percent
strain in the outer fiber.

One task to be performed later in the program involves
the thermal cycling of activated multiplate cells at 145°C iZOC for three 36-hour
soak periods. It was decided to submit test samples of PPO and Celcon to this
test while submerged in 45% KOH during the evaluation of case materials in
order to select a case material which would also satisfactorily meet this re-

quirement, Due to an error in calibration of the temperature recorder, a
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higher temperature was obtained for two and one-half of the 36 hour periods of test
than planned. As a result, the test samples of PPO and Celcon were heated to
193°C for 93 hours plus 15 hours at 1450(3. The PPO samples were unaffected
by this test but the Celcon samples melted into a lump. An additional test on
new Celcon test samples was conducted by heating the submerged samples in
45% KOH for 6 hours at 145°C jr_ZOC. These samples also melted into a lump
during this test. Based on these tests it was determined that PPO was a satis-

factory case material and that Celcon was unsuitable for use in this program.

The test results on the PPO test specimens are shown
below:
1. Tensile strength and modulus of elasticity after exposure to 45%
KOH (tested in accordance with ASTM D-638-64T).
Ultimate
Sample Tensile Average Modulus of Average
No. Material (psi) (psi) Elasticity (psi)
1 PPO 11,250 3.47 x 105
2 PPO 11,250 11,260  3.58x 10°  3.49 x 10°
3 PPO 11, 340 3.51x 105
4 PPO 11,190 3.40 x lO5
2. Modulus of rupture, after exposure (tested in accordance with
ASTM D-790-63).
Modulus of
Rupture Average
Sample No. Material (psi) (psi)
H PPC 14,590
2 PPO 14, 980 14,900
3 PPO 14,720
4 PPO 15,330
3. Dimensional Stability: For this test the thickness and width were
measured with a dial thickness gauge in the nearest 0.001 inch,
at several points along each sample, before exposure. Following
exposure, measurements were taken at identical points and com-
pared with the initial values. In a like manner the length of each
sample was measured between two specific points before and after
exposure.
SM-48461-Q2 29



Average thickness change +1.6%
Average width change +0.3%
Average length change -1.4%

4, Weight Change: The samples were weighed on an analytical
balance to four decimal places before and after exposure.

Average weight change -0.01%

that PPO can be sealed by sclvent bondi

L T AV oad

between cell cover and case.

At the suggestion of the NASA Project Officer, molded
polystyrene cell cases and covers of the approximate 5 AH cell size have been
purchased. These cell cases and covers are being used for evaluations at 25°C.
Molded 5 AH cell cases and covers made from PPO have also been ordered for
tests at 100°C and higher.

2.2.4 Terminals

As reported in the first Quarterly Report, (1) the terminal
seal design successfully passed thermal cycling, pressure and KOH leakage

tests as required by the work statement.

After testing in accordance with these specifications, no
trace of alkalinity was detected at the external end of the terminal during the
test period and as long as 24 hours later. The terminal was disassembled for
examination and no attack could be detected on any material used or on the
entire configuration. The attachment of electrode tabs to the base of the termi-

nal was modified subsequently for ease of assembly, as shown in Figure 4.

2.2.5 Connections and Current Collectors

The electrode tab (current collector) connection to the
cell terminal consists of two basic designs, (1) silver tabs spot-welded or hot-
forged to silver expanded metal grids cut to size, and (2) silver expanded metal
grid in which a solid silver tab is an integral part of the grid. A KOH soak test
was performed, in compliance with the statement of work, in which two elec-

trode current collector grids of the first design described above were completely
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submerged in 35% KOH in a stainless steel vessel shown in Figure 10 and the
vessel maintained at 150°C _-l:ZOC for 168 hours. At the completion of the 168-
hour soak test, the current collector grids were removed from the sealed ves-
sel, washed, dried, and inspected under a microscope for corrosion. No
evidence of corrosion was noted. Figure 12 is a photograph of the current
collector grids taken after the 168-hour soak test. A 30 ampere current (dc)
was then passed through each grid for a period of one minute with one current
lead connected to the end of the silver tab and the other current lead attached
to the bottom of the silver grid. No evidence of resistance, corrosion or dis-
coloration was detected. Finally an attempt was made to mechanically pull
the tab away from the grid at the welded joint by holding the grid in a vise and
manually pulling the tab. The tab could not be pulled loose from the grid indi-
cating satisfactory weld strength. Assemblies were also tested to determine
the force required to pull the tab away from the collector, It was determined
that when 10 pounds force was applied, the Exmet grid pulled apart. The
welded joint between tab and grid was unaffected by the test showing that the

weld is stronger than the grid material itself,

Because the second type is an integral part of the current
collector-connector assembly, it was unnecessary to test this design for cor-
rosion resistance. Current tests were conducted which indicated that the phy-
sical design is adequate for the proposed application and capable of operation

continuously at 30 amperes,

2.3 Summary of Results and Conclusions

Several prototype multiplate 5 ampere-hour cells were fabricated
throughout the past quarter, The cell design used was the modified groove-
type, which was approved by the NASA/Lewis Project Officer early in this
quarter. This design emphasizes the requirements of the work statement,
such as ease of assembly, positive closures, parts reproducibility, adequate
closures, and filling means. Cell assembly and detail parts drawings were
completed on this modified groove-type multiplate cell design. One preliminary
multiplate cell of this design completed 1165 cycles at 25°C on a 30-minute dis -

charge and 30-minute charge test schedule.
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Molded cell cases made of polyphenylene oxide {(PPO) have been
ordered for use in this program for both 100°C and 25°C temperature tests.
The molded case approximates very closely the dimensions of the fabricated

5 AH multiplate cell design,

Final test data and analyses were obtained on the two candidate
cell case and cover materials — PPO and Celcon — which were subjected to the
1000-hour KOH-high temperature soak tests., As a result of these tests, it was
apparent that PPO can be used as the material for the multiplate cells to be
built in Task III. Celcon can not withstand the 145°CG specified i

o=+

he statemen

¥

of work. The mechanical properties of PPO remained unchanged as a result of

the exposure.

Astroset Type 5-036-011 inorganic separators were fabricated
and incorporated into test cells and prototype multiplate test cells during the
quarter. Separator quality and uniformity have continually been improved as a
result of strict quality control measures which have been implemented through-

out this program.

Cycle testing of unit electrode test cells containing Astroset Type
5-036-011 inorganic separators was continued at 100°C and 25°C for the pur-
pose of evaluating electrode formulations and configurations. Many electrode
test cells successfully completed the required 140 cycles in compliance with
the statement of work at 100°C and 25°C at a discharge current density of
20 ma/cmz. A new three-plate unit cell design is being cycle tested at room
temperature and IOOOC at discharge current densities of 20 1'naL/cm2 and

30 ma/cm'Z

Based on the promising experimental test cell results obtained
during the past quarter, the emphasis of the program has been shifted from
component testing to multiplate cell fabrication, testing and evaluation.
Although the component work will be continued at a reduced level of effort,
multiplate cell work will be carried out based on the best components developed
thus far. These cells will be constructed with PPO cases, and electrodes which
have given satisfactory results. Astroset Type 5-036-011 inorganic separators

will be used in the construction of cells.
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3.0 WORK PLANNED

3.1 TASK 1 - Design of a Multiplate 5 AH Cell

3,1.1 Modify terminal base for tab attachment and complete

drawings,

3,1.2 Modify separator dimensions to fit frame grooves more
deeply.

3.1.3 Design and fabricate new separator die.

3.2 TASK 1l - Fabricarion, Testing and Evaluation of Cell Com-
ponents (Single Electrode Cell)
3.2,1 Electrodes
3.2.1.1 Fabricate electrodes, assemble single elec-

trode cells and test them mainly at current densities higher than 20 ma/cm™ at

25°C and 100°C, in order to establish the practical limit capable of reaching
140 cycles reliably and without undue capacity loss at 100°C.

3.2.1.2 Test single electrode cells at 25°C and 100°C

for gassing rates on stand and on cycling,
3.2.2 Separators

Fabricate separators from Astroset Type 5-036-011 to

new dimensions as required for component and cell testing.
3.2.3 Case

3.2.3.1 Assemble single electrode cell cases, cement

and test for leakage.

3.2.3.2 Adapt cover and stainless steel tubing for

100°C operation and minimization of water evaporation.
3.2.4 Terminal

Work on terminal seal completed, but base to be modi-

fied: See next paragraph.

3.2.5 Connections

The base of the terminal was redesigned in order to

simplify the tab attachment from plates to terminals during cell assembly.
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Terminals with new bases are being fabricated and will be used on the new test

cells,

Study effects of 30, 35, 40, 45%, KOH concentration on

cell cycle life and drain rate,

Four cells will be built and tested at various load

regimes for 3 cycles, then cycled at the 1 hour-rate of discharge at 25°C for
life.

3.2.7 Multiplate Cells

1, Order 100 PPO cell cases from molder for multiplate cells. The
case was selected for its dimensions approximating our design
very closely except for height. The cases will be cut down to the
proper height and pressure-tested at 125°C and 30 psi.

2, Case-to-cover bond will be pressure tested to determine rupture
pressure.

3.  Multiplate cells will be built and tested at 25 and 100°C.
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